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The origin of the excess of matter over antimatter in our Universe remains 
one of the fundamental problems. Dynamical baryogenesis in the process 
of the broken symmetry electroweak transition in the expanding Universe is 
the widely discussed model where the baryonic asymmetry is induced by the 
quantum chiral anomaly. We discuss the modelling of this phenomenon in 
superfluid 3 He and superconductors where the chiral anomaly is realized in 
the presence of quantized vortex, which introduces nodes into the energy spec- 
trum of the fermionic quasiparticles. The spectral flow of fermions through 
the nodes during the vortex motion leads to the creation of fermionic charge 
from the superfluid vacuum and to transfer of the superfluid linear momen- 
tum into the heat bath, thus producing an extra force on the vortex, which 
in some cases compensates the Magnus force. This spectral-flow force was 
calculated 20 years ago by Kopnin and Kravtsov for s-wave superconductors, 
but only recently was it measured in a broad temperature range in Manchester 
experiments on rotating superfluid 3 He. The "momentogenesis" observed in 
3 He is analogous to the dynamical production of baryons by cosmic strings. 
Some other possible scenaria of baryogenesis related to superfluid 3 He are 
discussed. 

PACS numbers: 67.57.-z, 11.27. +d, 98.80.Cq, ll.30.Fs 



1. INTRODUCTION 

The superfluid phases of 3 He and the electroweak vacuum of the stan- 
dard Weinberg-Salam model share many common properties!!] (see Fig.l). 
The most important similarity is that the fermionic quasiparticles in super- 
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fluid 3 He interact with the order parameter in a way that is similar to the 
interaction of fermions with the electroweak gauge and Higgs fields. Within 
this analogy the baryon number violation appears to be analogous to the vi- 
olation of fermion momentum conservation within an A-phase vortex. The 
phenomenon which unites the barygenesis in the Weinberg-Salam model 
(electroweak baryogenesis) and the momentogenesis in the pair-correlated 
fermionic systems is known generically as the "chiral anomaly". There are 
certain quantities, of which baryon number is an example, which are clas- 
sically conserved but can be violated by quantum mechanical effects. The 
process leading to particle creation is called "spectral flow" , and can be pic- 
tured as a process in which fermions flow under an external perturbation 
from negative energy levels towards positive energy levels. Some fermions 
therefore cross zero energy and move from the Dirac sea (vacuum) into the 
observable positive energy world (matter), introducing an extra charge of 
the matter. 

The analogous process in superfluids/superconductors is the transfer 
of the linear (or angular) momentum from the condensate (vacuum) to the 
heat bath of the normal excitations (matter). Thus the momentum of the 
"matter" is not conserved, while the conservation of the total momentum 
of vacuum+matter is not violated. The striking feature of this analogy is 
that the rate of momentum transfer due to the spectral flow is described bv 
the same equation of. the chiral anomaly which was introduced by Adlercl 
and Bell and Jackiwu in quantum field theory. This is vusualized on the 
basis of the vortex texture in 3 He-A. However, such anomalous violation of 
fermionic charge is a general phenomenon in condensed matter and occurs 
also for vortices in 3 He-B and Abrikosov vortices in superconductors. 

1.1. Chiral Anomaly. 

It is known that the charge particle with definite chirality, say, right- 
handed electron, has a peculiar property in the presence of magnetic field. 
The Landau quantization of the motion of this particle in magnetic field 
B || z leads to an anomalous gapless branch E(p z ) = cp z , which crosses zero 
energy at p z = (Fig. 2). This branch is asymmetric with respect to the 
spatial inversion p z — > — p z . As a result the vacuum state is asymmetric 
since only the states with negative p z are occupied. The spectral flow of 
the electrons from the vacuum state to the positive energy world leads to 
the nucleation of the matter from the vacuum. This occurs if the electric 
field is applied along z. According to the second Newton law the linear 
momentum of the particle increases linearly with time, dtp z = ejiE z , where 
en is the electric charge of right electron. This means that under applied 
field the particles from negative energy levels of Dirac vacuum are pushed to 
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positive energy levels of matter with the rate determined by the electric field 
projection E z on the magnetic field and by the density of state |exjB|/(27r) 2 
on the lowest Landau level: 

8 t n = -r^elE ■ B (2.1.1a) 

The left-handed electrons have the anomalous branch with the opposite 
slope E(p z ) = —cp z , as a result the production of the particles from the 
vacuum has the opposite sign: 

d t n = -^e 2 L B-B (2.1.16) 

where ex is the charge of the left electron. If the parity is conserved, then 
ex = exj, and the net production of the particles from the vacuum is zero. 
In electroweak interactions and in 3 He-A the parity is broken, and this leads 
to the chiral anomaly: uncompensated anomalous production of the charge 
from the vacuum. 

1.2. Baryon Production by Chiral Anomaly. 

In the Weinberg-Salam model there are two types of magnetic and elec- 
tric fields: hypercharge fields By and Ey and weak fields Bw and Evy. The 
hypercharge Y, and weak charge W of left and right quarks are essentially 
different: 

YdR = ~\, YuR = r, W d L = ~W uL = -, W dR = W uR = 0, Y dL = Y uL = - 
6 6 2 o 

(2.2.1) 

Here the subscripts uL and uR mean the left and right u-quarks; the same 
is for the d-quarks. The total number of the u- and d- quarks produced by 
the electric and magnetic fields per unit time per unit volume is thus 

A [By • Ey (Y d \ + Yl R - Yj L - Yl L ) + B w ■ V w (W 2 dR + W 2 uR - W 2 dL - W 2 uL )} , 

(2.2.2) 

where the factor 3 appears due to 3 colours of quarks. Substituting all 
the charges from Eq. (2.2.1) and taking into account that there are Np = 3 
families of quarks and that all the quarks have the same baryon number 
B = 1/3 one obtains the following rate of the baryoproduction 

Np 

d t B = ^ (~B W ■ E w + By • Ey) . (2.2.3) 

The nonconservation of B is thus the result of the phenomenon of the chiral 
(axial) anomaly predicted by Adleri and Bell and Jackiw.1 The fields By, 
Ey , Bw and Eyj/ can be generated in the core of topological defects, such as 



monopoles, domain walls, so 
in the expanding Universe. a 



and electroweak cosmic strings evolving 
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1.3. Momentogenesis in 3He-A. 

The anomaly mediated transfer of the linear momentum can be visu- 
alized through the example of the continuous distribution of the vector 1 in 
3 He-A, which shows the direction in the momentum space, where the spec- 
trum of quasiparticles has a node. In the vicinity of the point gap nodes 
the quasiparticles are chiral: like the neutrino they are either left-handed 
or right-handed. t3 The interaction of the quasiparticles with the 1 texture 
is characterized by the "vector potential" A = kpl, where pp = fikp is the 
magnitude of the momentum at the position of the node. For such gapless 
fermions the anomaly in Eq.(2.1.1) takes place producing a "chiral charge" 
of quasiparticles with the rate (1/2-7T 2 ) E-B = {kp/2-K 2 ) c\l-(Vxl) where the 
electric and magnetic fields are E = dt A, B = V x A. The linear momentum 
produced by the chiral anomaly is 

8tP = JL(B-E)[P fi -P L ] . (2.3.1) 

where and Pp ~ momenta of right and left quasiparticle. The Left-Right 
asymmetry, P^ = — Pl = Pf^-> gives the net momentoproduction 

9tP = 2^ / d3r ppl ( B • E ) = h ^2 J d3r 1 ( 9 t l ■ (V x J )) • (2.3.2) 

Since the total linear momentum is conserved in condensed matter, the 
Eq. (2.3.2) means that, in the presence of a time-dependent texture, the mo- 
mentum is transferred from the superfluid vacuum to the matter (the system 
of the excitations). 

1.4. Momentogenesis by a Continuous Vortex 

The simplest time-dependent texture, which is experimentally realized 
in 3 He-A, is the moving continuous vortex. The latter corresponds to topo- 
logically unstable continuous strings in electroweak theory .El The simplest 
type of continuous vortex has the following distribution of 1-field and super- 
fluid velocity v s in cylindrical coordinate system: 

l(r, (b) = z cos ri(r) + r sin ri(r) , v s (r, 4>) = [1 + cos r/(r)](f> , (2.4.1) 

2mr 

where r/(r) changes from r/(0) = to r/(oo) = ir in the so called soft core of the 
vortex. The stationary vortex generates the "magnetic" field B = kpV x 1. 
When the vortex moves with a constant velocity (with respect to the 
heat bath) it also generates the "electric" field, since A depends on r — vpt: 



E = d t A = -k F (v L ■ V)i 



(2.4.2) 
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Integration of the anomalous momentum transfer in Eq. (2.3.2) over the cross- 
section of the soft core of the moving vortex gives the rate of the momentum 
transfer between the condensate and the heat bath, mediated by the moving 
vortex :0 

d t V = -irhN v C z x v L . (2.4.3) 

Here N v is the winding number of the vortex (N v = —2 in the case of 
Eq.(2.4.1)) and C = k 3 F /3ir 2 . 

This corresponds to an extra nondissipative force F s f = dtP acting on 
the moving continuous vortex, which is called the spectral-flow force. This 
result for the continuous vortex, derived from the axial anomaly equation 
(2.1.1), was confirmed by the microscopic theory, which took into account 
the discreteness of the quasiparticle spectrum in the soft core.ll! 

1.5. Spectral-flow force vs Magnus force. 

The spectral-flow force is the transverse nondissipative force which acts 
on the vortex, when it moves with respect to the matter (heat bath or normal 
component): 

F sf = -TrhN v C z x [v L - v n ] , (2.5.1) 

where v n is the velocity of the normal component of the liquid. In addition 
to this there is also an old classical Magnus force, which acts on the vortex 
moving with respect to superflow: 

F M = TrhN v ^z x [v L - v,] , (2.5.2) 

m 

where v s is the superfiuid velocity of the coherent condensate (vacuum) and 
p/m is the particle density. The balance of these two forces acting on the 
vortex (together with the Iordanskii force, which we do not discuss here, see 
Ref.@ and the longitudinal friction force, see below in Sec. 3.2) determines 
the motion of the vortex and thus the mutual force between the vacuum and 
matter mediated by the moving vortex. 

It is important, that if v ra = v s the spectral flow almost completely 
compensates the Magnus force. This is because the particle density p/m and 
the spectral-flow parameter Co = kp/3ir 2 are very close to each other. In fact 
in the normal Fermi liquid above the superfiuid transition temperature T c 
these quantities coincide: p(T > T c ) = mkp/3ir 2 . In the superfiuid phase the 
disbalance between p/m and Co occurs due to the tiny asymmetry between 
particles and holes: p(T < T c ) — mk F /3ir 2 ~ p(A(T) / 'Ep) 2 <C p, where 
A(T) is the gap amplitude and Ep the Fermi-energy. Such cancellation of 
the Magnus force was confirmed in experiments on the vortex dynamics in 
3 He-AB§ 
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2. MOMENTOGENESIS BY SINGULAR VORTICES 

The momentum is transferred from the vacuum to the heat bath by the 
vortex motion, the chiral anomaly being the main mechanism which deter- 
mines the rate of momentum transfer. However, in the case of vortices with 
a singular core (in superconductors and in 3 He-B) the equation (2.1.1) for 
the axial anomaly is no more valid: the anomalous force should be calcu- 
lated directly from the consideration of the spectral flow in the vortex core. 
This is similar to the calculation of the baryonic charge on Z-strings, where 
instead of the anomaly equations one must operate with the exact spectrum 
of fermions in the string core.B 

2.1. Spectral Flow in Singular Vortex. 

The spectrum of single-fermion excitations has anomalous (chiral) 
branch E(p z ,L z ), which depends on the momentum projection p z on the 
vortex axis and the discrete angular momentum L z in the following wayJ13 

E(p s , L z ) = -lo ( Pz ) (L z - L ( Pz )) (3.1.1) 

For most symmetric vortices, where Lq{p z ) = 0, the spectrum was first 
obtained inJUl The interlevel distance HuJo(p z ), the so called minigap, is 
small compared to the gap amplitude A(T) of the fermions outside the core: 
fiuoQ ~ A 2 (T)/E F < A(T), where again Ep is the Fermi-energy. As a 
function of L z , the anomalous branch crosses zero energy (Fig. 3). According 
to the index theorem, the number of such anomalous branches equals the 
winding number N v of the vortextH) . This results in a momentum flow from 
the the Dirac sea to the heat bath, if the minigap Tiujq between the core 
states can be neglected. We consider just this case, which occurs when u>q is 
less than the inverse relaxation time, 1/r. 

If the velocity vl is along x, the excitation angular momentum L z in the 
moving core changes with the rate L z = xp y = viPy Since the neighbouring 
levels differ by AL Z = fi and the number of anomalous branches equals the 
winding number N v , the levels cross zero at a rate —N v L z /h. Thus the flow 
of the momentum p y from the negative to the positive energy states occurs 
with the rate p y = —N v p y L z /h = —N v vip 2 /h. Integrating this momentum 
transfer over the Fermi surface and taking into account that the in-plane 
average < p 2 >= \{p 2 F — p 2 ), one again obtains the Eq.(2.4.3) 

i fP F dv 

8tP = ydtPy = -—yv L N v j J^pl-pl) = -N v irhC Zxv L . (3.1.2) 

Thus the result of the direct calculation of the spectral flow in the singu- 
lar core coincides with the result obtained for the continuous 3 He-A vortex 
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from the axial anomaly equation. This is not a coincidence, but the con- 
sequence of the underlying topology in the 6-dimensional real+momentum 
space. The singular vortex in any Fermi superfluid/super conductor can be 
transformed into a continuous one by extending the core. The order param- 
eter field in the extended core is similar to that of 3 He-A: the spectrum of 
quasiparticles contains the point nodesE^ In the vicinity of the nodes the 
quasiparticles are chiral leading to the Adler-Bell-Jackiw anomaly and thus 
to the spectral-flow force. 

2.2. Nondissipative and Friction Forces. 

The anomalous nondissipative force acting on the vortex has maximal 
value if the spectral flow is notsunpressed by the minigap, i.e. at ujqt <C 1. In 
the general case considered intalla and experimentally measured in superfiuid 
3 He-B,0@ the spectral flow force is reduced by the factor 1/(1 +luqT 2 ) and 
also the dissipative friction component of the force appears: 



N v TThCo 



— 2"^Z X (V„ - V L ) + — 2T(v n - V L) 

1 + UJnT Z 1 + U)f[T Z 



(3.2.1) 



where v„ is the velocity of the heat bath (or velocity of the normal component 
of the superfluid/superconductor). This expression was found more than 20 
years ago by Kopnin and Kravtsov in the Gorkov formalism developed for 
s-wave superconductivity." In the d-wave superconductor the situation is 
more interesting due to the gapless quasiparticles outside the vortex cores £3 
In this case the minigap u>o depends on the orientation and has nodes. This 
leads to the finite dissipation even in the superclean limit < ujq > r = oo, 
which occurs due to the Landau damping. In the moderately clean regime 
the scaling law for the flux flow at low T and low field is obtained. The 
gapless regime can also occur for 3 He-B vortices with the spontaneously 
broken continuous symmetry of the core, this leads to effects corresponding 
to the Hawking radiation at the event horizon in black holes 



3. TOPOLOGY OF MOMENTOGENESIS 

3.1. Topological and Fermionic Charges 

The vortex is the object which serves as a mediator between the conden- 
sate (vacuum) and heat bath (matter) and which allows them to exchange 
linear momentum, while the total momentum is conserved: 

P = P mc + Pmatter = [ d 3 r pv s + £ /(p)p . (4.1.1) 
J P 
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Here v s is the superfluid velocity which in terms of the phase $ of the order 
parameter is v s = ^V^; k is the circulation quantum, k = nh/ms for the 
superfluid 3 He, with WI3 being is the mass of 3 He atom); p is the mass density 
and /(p) is the distribution function for the quasiparticles. The dynamics 
of the momentogenesis is determined by the spectral-flow. 

Another property of the vortex is that it can change the topological 
charge of the vacuum. The vortex thus serves as the instanton, if the transi- 
tion between the vacua of different topological charges occurs by tunneling, 
or as the sphaleron, if the transition occurs by thermal activation. In the 
Weinberg-Salam model the transition between topologically different vacua 
is accompanied by a change of the baryonic charge. The same happens with 
the fermionic charge of the superfluid. In the torus geometry the relevant 
fermionic charge of the vacuum is the momentum L z , while the topological 
charge is the winding number of the phase $ along the channel: 

L z (vac) = z ■ J d 3 r r x (pv s ) , N(vac) = — j> dr ■ v s . (4.1.2) 

These two charges are related: 

h^2L = }_M{vac)N{vac) , N{vac) = -^V torus . (4.1.3) 

Here M(vac) is the total number of the 3 He atoms in the vacuum within the 
torus volume Vtorus- Note that L z (vac)/h is always integral, even if the total 
number of 3 He atoms is odd. In the latter case one atom has no partner 
to form a Cooper pair and thus is not in the vacuum even at T = 0: it 
belongs to the matter. Another example of the nonzero fermionic charge of 
the matter even in the ground state will be discussed in Sec. 5.1. 

The change of the topological charge of the vacuum occurs by nucle- 
ation of a segment of the vortex with winding number N v on the surface of 
the channel. The vortex sweeps the cross section of the channel and then 
disappears on the surface. In this process the topological charge N{vac) 
changes by N v . The superflow velocity in the channe, v s = nN(vac)/L, 
decreases by the value Av s = kN v /L (where L is the length of the annular 
channel) which leads to the change of the fermionic charge of the vacuum by 
AL z (vac)/h = 7}J\f(vac)N v . In electroweak theory this corresponds to the 
relation between the change of topological number of the vacuum (Chern- 
Simons number Ncs) and the change of the baryonic charge AB: 

AB = N F AN CS , (4.1.5) 



where Np is the number of the fermionic families. The difference from 
condensed matter case is that in the relativistic theories with local gauge 
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symmetry the energy of the vacuum does not depend on its topological 
quantum number, while in the case of superfluid/super conductor the energy 
of the vacuum is oc v 2 oc TV 2 (vac) . 

3.2. Quantum nucleation. Instanton. 

The instanton is the quantum tunneling between two vacua, which is 
realized by the quantum nucleation of the vortex loop. At low T the spectral 
flow is suppressed and the tunneling is determined by the classical action 
which kinetic term is related to the Magnus force: 



S = kN vP V + J dt E . (4.2.1) 



Here E is the energy of the vortex line. The first term is the kinetic part 
and is an analog of the Wess-Zumino action, where V is the volume bounded 
by the area swept by the vortex loop between nucleation and annihilation.il 
Variation of this term leads to the Magnus force. This term is of topological 
origin and leads to quantization of the total number number of particles 
in the vacuum, M(vac) = (p/m)V to t a i, where V to tai is the total volume of 
the vessel. The quantization occurs due to the ambiguity in choosing the 
volume swept by the loop: it can be V or V — Vtotai- Since the exponent 
e iS/h snou icL not depend on this choice, the difference between the actions, 
AS = rriKN v M(vac), must be multiple of 2irh. For He, where k = 2irfi/m 
this gives an integral value of M (vac), while for 3 He, where k = nh/m, the 
number of particles in the vacuum must be even. The volume law for the 
action is the property of the global vortices where the field v s generated by 
the vortex line is not screened by the gauge field. 

In quantum tunnelling the action along the instanton trajectory contains 
an imaginary part, which gives the nucleation rate T oc e ~ 2ImS / ?i . Let us 
consider the large N(vac) case, when the velocity in the annular channel, 
v s = nN(vac)/ L, is large and the nucleation occurs close to the pinning 
center at the wall of container. For the hemispherical pinning center the 
instanton is the trajectory of the vortex half-ring coaxial with the pinning 
center and oriented perpendicular to the flow (axis x). Far from the pinning 
center the energy of the vortex loop of radius r is 

E = E (r) + v s • p(r) , E (r) = -pN 2 n 2 r In - , p x (r) = ir P N vK r 2 (4.2.2) 

where Eo(r) is the line tension, £ is the core radius, and p(r) = xp x is the 
linear momentum of the loop. The vortex nucleated from the vacuum state 
must have zero energy, E = 0. This determines the radius of the nucleated 
vortex: 

Ro = ^ln^ . (4.2.3) 
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The calculation of the instanton action for the 4 He vortex with N v = 1 shows 
that it is pr opo rtional to the number Mq of particles involved in the process 
of tunnelingBS 

ImS = 27^0 , M) = — -£-B% . (4.2 .4) 

m 3 

For the 3 He case and for the vortex tunneling in superconductors, the situ- 
ation can be different because of the fermion zero modes in the vortex core, 
which lead to the spectral flow. This question is still open. 

3.3. Thermal activation. Sphaleron 

The thermal activation, which can occur at nonzero T, is determined 
by the so called sphaleroiJH - the saddle-point stationary solution, which 
is intermediate between vacuum states with different topological number 
N(vac). In superfluids the sphaleron is represented by a metastable vortex 
loop, stationary in the heat-bath frame: its velocity dE/dp = 0, which 
corresponds to the maximum of the Doppler shifted energy E = Eo(r) + v s ■ 
p(r). Using the Eq. (4.2.2) for E one obtains the radius and the energy of 
the sphaleron 

kN r 1 
To = In -f , E (r o ) = - P K 2 Nlr In (r /0 . (4.3.1) 

4:7TV S 4 ^ 

The sphaleron is created by thermal activation with a rate exp — (Eo(r )/T). 
After that the vortex ring grows spontaneously, thus decreasing its Doppler 
shifted energy E, until it disappears at the wall of the torus leaving behind 
the flow pattern with the topological number N(vac) reduced by N v . 



4. DISCUSSION. OTHER SCENARIA. 

The quantum field theory in condensed matter and in superfluid 3 He 
in particular can provide analogies for many different scenaria of baryo- 
genesis. For example, the production of the linear momentumil and spin 
momentumH during the motion of the interface between the 3 He-A and 
3 He-B can simulate the mechanisms related to the baryogenesis by domain 
walls. Here we briefly mention the analogy of baryogenesis by the baryonic 
charge condensates 

4.1. Nonzero charge of matter induced by vacuum charge. 

The vacuum with nonzero fermionic charge takes place in ferromagnets, 
where the charge is played by the discrete projection S z of spin to the di- 
rection of the spontaneous magnetization. This charge is conserved above 
and below the broken symmetry phase transition. Since we are interested 
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in the quantum field theory, let us consider the hypothetical phases of the 
superfiuid 3 He, which have spontaneous vacuum spin S z (vac). This can be 
for example Ai-phase or f3 phase ((Eq.(6.53) in£3), which could appear if 
the parameters of the systems were more favourable. The magnitude of the 
vacuum spin in such phases is 



where M(vac) is the total number of the 3 He atoms; £ = pp/mA is the 
superfiuid coherence length, and A is the gap. If there are no boundaries and 
thus no exchange with environment, then S z (vac) should be compensated 
by the opposite amount of the spin of the quasiparticles. In this case the 
ground state is not the vacuum: it contains quasiparticles, with number 



Since kp^ ~ 10 2 — 10 3 , the number of the particles in the matter, N qp , is 
much smaller than the number of the particles in the vacuum, J\f(vac), and 
thus the vacuum is not disturbed by the matter. The energy of the matter 
is about AN gp (or even less if the quasiparticles are massless), and this is 
essentially smaller than the vacuum energy. 

The conservation of the total spin after the transition can be also pro- 
vided by the formation of two domains with opposite direction of spin. This 
also costs energy: now it is the energy of the wall between two domains 
E wa a ~ m^ppA^^V+J^. Comparing this to the energy of the quasiparticles, 
one finds that quasiparticles in the ground states are preferred over a domain 
wall if the size of the sample is small enough. The condition for the total 
number of 3 He atoms (the total number of the particles in the vacuum) is: 



The symmetry breaking in the Universe can also give rise to nonzero vac- 
uum fermionic charge, the baryonic number B(vac)B Then the matter ac- 
quires a baryonic charge opposite to the vacuum charge, B ma u er = —B(vac), 
if (1) the total baryonic charge is conserved; (2) if the baryonic exchange be- 
tween the vacuum and matter is not suppressed; and (3) if the energy of the 
domain wall between matter and antimatter is larger than the energy of the 
excess baryonic matter. Many details of this scenario of baryogenesis can be 
modelled in condensed matter. The transition to superfiuid 3 He-A in a small 
droplet of 3 He can lead to quasiparticles in the ground state, because the 
A-phase state has a nonzero vacuum value of the orbital momentum. The 







M{vac) < (£k F ) 
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(5.1.3) 
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decay of the vacuum spin into the spin of the fermions is one of the heavily 
discussed topics in the so-called magnetic superfluidity of 3 He-B, where the 
coherent precession of th e magnetization takes place with all the signatures 
of the spin condensate] 3 !! and so on. 

The related problem is the formation of the galactic magnetic fields. In a 
recent paper Joyce and ShaposhnikovEll suggested a new scenario: the galac- 
tic magnetic fields are generated from the primordial hypercharge magnetic 
fields. The latter are spontaneously formed by the right-handed electrons 
through the Abelian anomaly. It appears that the process of generation of 
hypercharge magnetic field from the fermionic charge of matter is described 
by the same equations as the process of the superflow instability in 3 He-A, 
which was intensively discussed theoretically and has been recently investi- 
gated experimentally .t3 Both processes are governed by the chiral anomaly. 
In 3 He-A, the motion of the normal component, which contains the fermionic 
charge - the linear momentum of quasiparticles, is unstable towards the in- 
homogeneous condensate - the texture of the 1- vector, which corresponds to 
the hypercharge magnetic field. 

In conclusion, when the problem of the baryogenesis is finally solved, 
it will appear that the key to the problem has been provided by condensed 
matter physics. 
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Figure Captions: 

Fig.l Connection of 3 He with the rest of physics. 

Fig. 2 Right electron in magnetic field. The lowest (n = 0) Landau level is 
asymmetric. The motion of the particles along the anomalous branch leads to 
the creation of particles from the Dirac vacuum. 

Fig. 3 Asymmetric branch in the spectrum of the fermions bound to the core 
of the vortex in s-wave superconductor. The motion of the particles along the 
anomalous branch leads to the spectral-flow force acting on the vortex. 
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